Introduction
Most Finns take a sauna bath once or twice a week. Anecdotal evidence, however, suggests that insulin-treated diabetics have hypoglycaemic symptoms after a sauna. Apart from factors such as diet and exercise, a major determinant for a fall in the blood glucose concentration in diabetes is insulin availability.' Besides the dose and type of insulin used, the rate of insulin delivery from the injection site affects the blood glucose concentration. Thus exercise accelerates insulin absorption from the injection site, resulting in a decline in the blood glucose concentration. [2] [3] [4] At rest there are differences in the rate of insulin absorption from various injection sites.;) 6 Furthermore, changes in blood glucose concentration are proportional to the rate of insulin absorption. 6 Both at rest7 and during-exercises variations in blood flow at the injection site may at least partly contribute to the alterations in rate of insulin absorption. Skin Each subject was studied on two separate days. Throughout the control day the subjects sat in a room at 22CC. On the day of the experiment they entered the sauna 60 minutes after the insulin injections. After 25 minutes at 85C they left the sauna for five minutes for external counting of radioactivity at the injection site and then returned to the sauna for a further 25 minutes. The order of the control and sauna days was randomised. The total dose of insulin, meals, and amount of physical activity were identical on the control and sauna days.
The disappearance of 125I-insulin was measured externally, as described. 4 6 Counts were measured at 30-minute intervals for 240 minutes after the injections. Student's t test (paired when applicable) and linear regression analysis were used to analyse the data." The correlation between sauna-induced changes in insulin disappearance and blood glucose concentrations was calculated by comparing the areas between insulin disappearance curves and blood glucose curves between the sauna and control days during the period from 60 to 240 minutes. Results are presented as means ± SEM. Figure 1 shows the effect of the sauna on the disappearance rate of "'5I-insulin from the injection site. Before entering the sauna the disappearance rate was identical on the control and sauna days. Sauna increased the rate of insulin disappearance in each of the eight patients studied. As shown in figure 2 , the absorption rate Figure 3 shows the changes in blood glucose concentrations after insulin injection and breakfast. The mean rise in blood glucose was comparable on the control day and sauna day before entering the sauna. The postprandial rise in blood glucose values during the sauna was slightly smaller and the decline after the sauna faster than on the control day. Two hours after the sauna blood glucose concentrations were 3 0-3-3 mmol/l (54 1-59 5 mg/100 ml) lower than on the control day (p < 005) (fig 3) . To examine the relation between the changes in the insulin disappearance rate and the blood glucose concentration on the sauna day I calculated the correlation between the sauna-induced changes in insulin disappearance and blood glucose values over the observation period from 60 to 240 minutes. As shown in figure 4 , a positive correlation was observed between the increase in the insulin disappearance rate and the fall in plasma glucose values. of "'5I-insulin was 11000 greater during the sauna than during the same period on the control day (p<0-01). During the cooling-off period after the sauna the disappearance rate of insulin was virtually identical with that on the control day ( figs 1 and 2) .
Results
Fasting blood glucose concentrations were comparable on both days of the study (72-4-19 mmol/l (1300 ±34 2 mg/100 ml) on the control day; 9-1±1-6 mmol/l (1640 288 mg/100 ml) on the sauna day)
Discussion
In this study the rate of 124I-insulin absorption was measured externally by determining the rate of disappearance of radioactivity from the injection site. Studies on animals show that after "25I-insulin injection virtually all the radioactivity is bound to insulin at the injection site and that counts measured externally correlate well with the amount of extractable insulin.' Furthermore, in man a correlation was observed between the disappearance rate of 125I-insulin and changes in blood glucose values both at rest5 6 and during exercise.4 Thus these data show that measuring the fall in radioactivity at the site of insulin injection by external counting reflects the insulin disappearance rate and suggest that the absorbed insulin is biologically active.
In my study sauna accelerated the absorption of insulin from the subcutaneous injection site in the leg. While in the sauna the disappearance rate of insulin from subcutaneous tissue was twofold greater than during the same period on the control day ( fig 2) . As to the mechanism of the sauna-induced rise in insulin absorption, studies show that local heating increases subcutaneous blood flow and accelerates insulin absorption from the injection site, whereas local cooling decreases the insulin disappearance rate.'2 Although I did not measure skin temperature or blood flow, the augmented insulin delivery during the sauna may be explained at least partly by enhanced blood flow at the subcutaneous injection site. Interestingly local degradation of insulin may occur at the subcutaneous injection site.5 13 Thus sauna by augmenting insulin absorption may decrease the local degradation of injected insulin, thus further increasing biological activity of insulin.
Of particular interest was the effect of the sauna on blood glucose concentrations. After the sauna the postprandial rise in glucose values was less and the values fell to lower levels than on the control day (fig 3) . My observations may have clinical implications for the management of insulin-treated diabetics, particularly those who take a sauna soon after insulin injection. Since a large depot of injected insulin may remain at the injection site the stimulatory effect of the sauna on insulin absorption may result in a rapid fall in blood glucose. Thus in such patients a snack or small reduction in insulin dose (or both) may prevent hypoglycaemia after a sauna. At a pressure of 100 mm H20 (0.1 kPa) oxygen 71 plus atmospheric air 71 was given via a nebuliser (FIo2 0 6). The earlier treatment was continued unchanged, including oxygen by nasal catheter, except that the oxygen flow was increased from 5 1/min to 7 1/min and the nasal catheter was taken out when continuous positive airway pressure was given. After five hours Pao2 rose to 11 4 kPa (85 5 mm Hg), but Paco2 was unchanged, as were the x-ray pictures. After two days the chest radiographs were normal. After four days oxygen treatment could be stopped and continuous positive airway pressure was given without extra oxygen (F,o2 0 21). After seven days all treatment was stopped, and 12 days after the injury (10 days after starting continuous positive airway pressure) fixation of the fracture was carried out without complications.
Comment
Continuous mechanical ventilation with positive end expiratory pressure is well known and widely accepted, having been used since 1969 in treating acute respiratory insufficiency. Its efficacy in reducing pulmonary venous admixture and improving arterial oxygenation seems to be related to increasing functional capacity when terminal closure and atelectasis are present.5 The same effect can be achieved by continuous positive airway pressure, which is useful in patients who can maintain spontaneous breathing. Positive end expiratory pressure and continuous positive airway pressure are similar in effect, but the former is used in connection with mechanical ventilation and the latter with spontaneous respiration. Continuous positive airway
